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Abstract

Background. Examining and detecting the causes of injuries offers important contributions to athletes. Identifying the risk of
non-contact injury in athletes and then directing them to preventive exercise programs may be beneficial for athlete health.
Purpose. This research aims to compare the jump-landing mechanics of elite handball and wrestling athletes.

Material and Methods. This research aims to compare the jump-landing mechanics of elite handball and wrestling athletes. In
research in Bolu and Yalova provinces, 10 handballers in the 1st league(age 17.60+1.43 height 180.30+7.05 kilos 76.40+5.29) and
15 wrestlers on the national team(age 25.87+3.18 height 178.67+8.64 kilos. 77.13+14.16) , a total of 25, male athletes volunteered.
The Landing Error Scoring System (LESS) test protocol was applied to the athletes after the jump. Descriptive statistics of the ath-
letes were made, and the Shapiro-Wilk test was used to determine the normal distribution of the groups. The non-parametric
Mann-Whitney U test was used to compare handball and wrestling athletes.

Results. There was no difference between the LESS scores of handball and wrestling athletes (p > 0.05). Compared with the ath-
letes’ LESS assessments, significant differences were found in knee flexion angle at first contact, ankle plantar flexion scores at the
point of contact, and knee valence displacement in the position of the thumb of the knee (p < 0.05).

Conclusions. In this study, which was conducted to determine the anterior cruciate ligament (ACL) risk level, there is no statistical
difference between the LESS scores of wrestling and handball athletes. Despite this, the total LESS scores of wrestling athletes were
found to be lower compared to handball athletes. This shows that the probability of injury is lower in terms of LESS score scoring.
The fact that the result came out this way showed that the wrestlers who participated in our study had better lower extremities.
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Introduction

Training is the ability and continuity of scientists, sports
physiotherapists, sports psychologists, athletes, and
coaches for their common athletic performances. Sporty
performance can affect many factors, such as genetic
predisposition, motor skills, psychological relativity, and
physical fitness. Physical fitness that varies from branch
to branch is very important for their sporty performance.
Especially muscular fitness, body composition, coordi-
nation, strength, endurance, agility, curate, balance, and
reaction time are considered important parameters. There
are many factors that affect the outcome of the compe-
tition in combat sports [Ferguson 2014].

Sports injuries are another factor that affects ath-
letic performance. In recent years, researchers have been
striving to identify strong factors related to the occur-
rence of musculoskeletal injuries. Therefore, in some
prospective studies, previous injuries [Arnason et al.
2004; Hagglund et al. 2006], age progression [Arnason
et al. 2004; Hagglund et al. 2006; Henderson et al. 2010],
poor flexibility [Ercan et al. 2021; Fousekis et al. 2011;
Henderson et al. 2010], fatigue [Hawkins, Fuller 1999]
and decreased muscle strength [Croisier et al. 2008;
Engebretsen et al. 2010; Fousekis et al. 2011] associated
with lower limb injuries.

In order to prevent physical destruction caused by
high-violence training during the season, the size of the
athletes should be evaluated by measuring at regular
intervals. Training programming and motor charac-
teristics of individual and team athletes may differ, but
injuries may be common. Lower limb injuries are com-
mon problems seen in athletes. It can negatively affect
individuals’ performance or even make their physical
activity stop for a long time. These injuries cause sig-
nificant time losses for athletes. The most common
lower-limb injuries are ankle and knee injuries. Factors
such as wrong technique, joint movement limitation,
flexibility level, and training situations can cause these
injuries [Dai et al. 2019]. Sports branches such as hand-
ball and wrestling are sports branches where lower limb
injuries can be exposed [Ince 2021].

In addition to being an Olympic sport, handball,
a popular sport in Europe, played all over the world,
has hard contact during training and competition, It
is defined as a team sport, where athletes must have a
physical exertion capacity to achieve short, high-violence
movements [Bragazzi et al. 2020]. Speed performance,
which is around 25% important in an elite handball
player, is followed by bouncing and shooting power of
20% from other motoric features, 15% of endurance, flex-
ibility, and coordination, and it is assumed that there is
a general force at the rate of 10% [Gunduz et al. 2002].
Handballers have to use their lower and upper extremities
very intensely during the game. The lower limb, especially
in movements such as running, bouncing, and jumping;

the upper limb works harder in movements that require
strength and skill, such as shooting, holding, pushing,
blocking, or goal shooting [Rinse 2014]. All these move-
ments will cause athletes to be injured. Langevoort et al.
[2007], in a study they conducted, found that the most
common injuries in international adult handball tour-
naments affected the lower limb (42%), while the head
(23%), upper limb (18%), and body (14%) were the next
most common injuries.

Wrestling is among the contact sports. It is one of
the branches that requires high strength, endurance,
and agility. Elite wrestlers are subject to frequent and
violent training as they must have a high-level physi-
cal profile [Chaabene et al. 2017; Thomas, Zamanpour.
2018]. For this reason, it brings with it the risk of both
the contact struggles during the competitions and the
physical burden injuries they are exposed to in train-
ing [Hewett et al. 2005; Kroshus et al. 2018]. Injuries in
wrestling occur in the lower limb. The vast majority of
these injuries occur at the knee.

The most accurate approach to sports injuries is
to protect them from sports injuries. Where this is not
possible, it is to minimize the risk of injury [Soligard et
al. 2008]. Examining and detecting the causes of injuries
makes significant contributions to athletes [Thin 2021]. It
will be beneficial for athlete health to determine the risk
of contactless injury for athletes in both sports branches
and then direct them to preventive exercise programs.
Large-scale research without expensive equipment can
be an advantage for athletes and teams. LESS is a test that
can be used to prevent sports-related lower limb inju-
ries and identify individuals at risk. In this context, the
purpose of this study is to compare the LESS test to be
performed on athletes and the splash-landing mechan-
ics of handball and wrestling athletes.

Material and Methods

This research is a cross-sectional study. Ethical approval
was obtained from the Ethics Committee of the University
of Kocaeli Non-Interventional Clinical Research Study
(E-80418770-020-321147). In our research, licensed
athletes who are active in sports in Bolu and Yalova prov-
inces took part. The athletes participating in the study
had not previously experienced anterior cruciate ligament
injuries. In accordance with our inclusion criteria, they
have not experienced any disability that would impede
their range of motion. 1. With 10 male handball players
playing in the league (age 17.60 + 1.43 size 180.30 £ 7.05
kilos 76.40 + 5.29 training year 8.26 * 1.16) and in the
national team 15 male wrestling players ( age 25.87 +3.18
size 178.67 + 8.64 kilos 77.13 + 14.16 training year 8.10
+ 0.73) 25 athletes voluntarily took part. Athletes were
applied to the Post-Bounce Ground LESS test protocol.
LESS trials were scored independently by the authors.




Comparison of Jumping-Landing Mechanics of Elite Handball andWrestling Athletes 61

Landing Error Scoring System (LESS) Test

It is a system that includes examining three consecutive
leaps in 17 items to determine the risk of contactless
injury during jumping and landing movements. All
athletes participating in the test performed a warm-up
section containing yawning and running (low heart
rate) before evaluations were made. A non-slippery
wooden box with a height of 30 cm has been prepared
for the splash. The splash protocol has been shown
to the participants individually by the researchers.
Participants were allowed to experiment at least once.
No verbal motivation or command was given during
the application. A target point marked on the ground
is determined for each participant, half the length of
the height. Athletes are expected to jump to the high-
est vertical height that they can jump without waiting
after landing on the ground, with a half-length splash
to the distance. This described bounce process was
repeated three times in a row. During the LESS test,
the jumps were recorded in the video recording. Two
video cameras ( Basler 120Hz), one positioned to record
front-plane movements and the other to record sagit-
tal-plane movements, were used for testing. Padua et
al. with Ercan et al. As stated in his work, scoring was
made [Fousekis et al. 2011; Sangjan et al. 2017]. The
total score range in LESS is between 0-19; Higher scores
indicate poor landing biomechanics and an increased
risk of injury. An excellent score (<4), a good score (>4
but <5), a middle score (>5 but <6 ) bad score ( > 6)
[Sangjan et al. 2017; Soligard et al. 2008].

Statistical Analysis

In this study, SPSS version 25 package program was used
for statistical analysis. Descriptive statistics of athletes were
made, and the Shapiro Wilk Test was used to determine the
normal distribution of groups. A non-parametric Mann-
Whitney U test was used in two group comparisons. The
level of meaning is determined as p<0.05.

Results

Table 1’ shows the LESS scores of wrestling and hand-
ball athletes, and the LESS scores of wrestling athletes
were found to be lower than the handball athletes’ LESS
scores. There is no difference between the Total LESS
scores between groups (u = 68,50 p = 0,712). A signif-
icant difference in knee flexion angle was found in the
first contact compared to the LESS evaluations of athletes
(u = 40,00 p = 0,016). At the point of contact between
the athletes, there was a difference between the ankle
plantar flexion scores (u = 50,00 p = 0.046). A signifi-
cant difference was found among athletes in the position

where the knee valgus displacement was inside the knee
thumb (u = 45,00 p = 0,046).

Table 1. Comparison of less scores of wrestling and hand-
ball athletes

Wrestling Hanball
Mean + Ss Mean + Ss

Total LESS Score 3,67+ 1,71 4,50 + 2,91 68,50 ,712

Knee flexi 1

degrees n it oty ODE 060 0
g ; 0,352 0516 00

0=yes, 1 =no

Ankle plantar flexion at the

4
contact point; 0 = from head (())’343&; 0,00 + 0,00 50,00 ,046*
to toe; 1 = no ?

Knee valgus displacement

(knee position) before 0,20 + 0,60 + N
jumping, inside the knee 0,414 0,516 45,00 ,046
thumb; 0 = no, 1 = yes

«(p<0,05)

Discussion

Health status is an important factor in the performance
development of athletes. Orthopedic problems play
a restrictive role in sustaining athletes’ performance.
Among these problems, the most common are injuries
to the lower limb. Lower limb injuries can affect sport-
ing performance as well as cause significant time loss for
athletes during their treatment time. For this reason, it
is important for athletes to identify injury risks and try
to eliminate them [Arnason et al. 2004].

This study aims to compare the splash and land-
ing mechanics of elite handball and wrestling athletes.
Compared to wrestling and handball athletes, the main
result of our study was that there were no statistically
significant differences between the total LESS scores of
0,712 (p > 0,05). According to the research result, wres-
tling athletes had excellent (3,67 + 1,71) LESS scores.
Handball athletes had good (4,50 + 2,91) scores. In a
study with elite young basketball players, LESS scores
decreased significantly thanks to the exercises integrated
into the training program [Garbenyt Apolinskien et
al. 2018]. In our study, the tests of the athletes were in
the special preparation period of the training periods,
and they applied the necessary strength exercises in the
previous periods. For this reason, wrestling athletes are
excellent, and handball athletes are also thought to have
good scores. In our study, the scores of wrestling athletes
were lower, and the risk of SEPA injury was found to be
lower than that of handball athletes. Parsons et al. [2017]
reported that muscle strength may indirectly affect LESS
scores. Wrestling athletes participating in our work prac-
tice more strength training because of the nature of the
branch. For this reason, it is estimated that he received
better points than handballers.

Being able to reduce LESS scores is important to
positively affect the splash landing mechanics. At the
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same time, these methods, which can be applied in order
to change the current situation positively and reduce
the dangers of injury in cases where athletes are inad-
equate, are important for athletes. When the literature
is examined to reduce LESS scores, it is available in dif-
ferent forms other than exercises. It was seen that the
LESS scores of the athletes changed positively due to the
visual feedback on the video. Athletes were registered
during the test, and then visual feedback was given. As
a result of the feedback, the test scores of the athletes
decreased, resulting in a positively significant improve-
ment [Benjaminse et al. 2017]. In addition, the use of
ergogenic supports in sports is important for improving
athlete performance. Wu et al. [2022] he examined the
effects of dynamic taping on athletes’ landing mechanics.
As aresult of their work, they reported that the athletes’
dynamic taping contributed positively to the landing
mechanics.

The Salc1 [2021] compared LESS scores among elite
young footballers. U15 players 5.43+2.86, U16 play-
ers 3.17+2.41, U17 players 2.04+2.07, U19 players had
4.87+2.30 points. When we compare our research with
the scores of wrestling athletes, they are similar to those
of U16 and U17 athletes. The scores of handball athletes
are similar to those of U15 and U19 athletes.

Hendrik et al. In his study in 2023, among the hand-
ball, basketball, football, and hockey athletes who played
in professional leagues in Germany between 2014 and
2018, the risk of injury to the high level of the ACL was
determined compared to other athletes.

ACL, which determines the risk of injury, is critical
to the continuity of athletes. There is also a requirement
for a standardized test to reveal risks. LESS is a standard-
ized and economical clinical evaluation method. In the
studies conducted, it was revealed that LESS’ is a relia-
ble clinical study [Padua et al. 2009; Hanzlikova, Loiser
2020; Padua et al. 2011].

LESS is often applied in studies on the examination
of athletes splash landing mechanics, body composition,
performance evaluations, and knee injury examinations
[Barber Westin et al. 2006; Mc Lean et al. 2005; Noyes
et al. 2005].

In the study of elite young football athletes in 2015,
LESS was applied to a total of 829 athletes. Athletes were
evaluated before and after the season. Athletes who expe-
rienced ACL injuries during the season had worse scores
than athletes who did not experience injuries. This reveals
the potential impact of “LESS” in predicting ACL injury
[Padua et al. 2015].

It is obvious that the factors that reduce or increase
LESS scores in the studies conducted are related to the
risk of ACL injury. Fadei et al. [2021], 34 women con-
ducted research with basketball, volleyball, and handball
athletes. They determined that there was also poor lum-
bopelvic control among the elements that increased
less. In their studies examining landing mechanics and

muscle surface electromyography (EMG), they reported
that EMG activations and LESS scores were negatively
affected as lumbopelvic control decreased. There was no
significant difference between the branches.

Kang [2017] examined the width of the cast force
and joint movement in a study. When splashing landing
mechanics were examined, poor muscle strength and
falling ROMs in drop splash tests negatively affected
the scores.

When the literature is examined, there are differ-
ences between the branches in terms of LESS scores.
Some branches have superior splash-landing mechan-
ics, while in others they are worse. Among the reasons
for these, the movement dynamics of the branches can
be effective, as can the level of the sample group applied.

Eriksson and Lundberg used the LESS test while
examining knee stability in football and handball athletes
in their 2014 work. A total of 20 athletes were included,
both women and men. Considering the results of the
study, although women received worse results than men
in terms of knee waltz, there was no significant differ-
ence in total LESS scores. When comparing football and
handball athletes by branch, they revealed that football-
ers had lower scores. In contrast, when the literature is
examined by Hanzlikova et al. [2021], when they examine
LESS scores by gender as a result of their metaanalysis,
women have higher scores than men, revealing that they
are more open to lower limb injuries.

Harato et al. [2021] examined the differences
between the various sports activities in the biomechanical
properties of the fall splash in female basketball, foot-
ball, and volleyball athletes. As a result of the study, they
stated that female volleyball and basketball athletes had
higher LESS scores compared to female football athletes
and had less knee flexion in knee waltz and first contact.

They reported that the branch that has the best
scores and the best stability ability is gymnastics, accord-
ing to the study results. Since the wrestling branch is the
branch that intensely contains dynamic movements for
the lower limb, such as the gym blush gymnastics, we
have seen better splash-landing mechanics in our wres-
tling athletes compared to handballers. Similarly, in their
study in Atan and Imamoglu [2012], 20 women and 20
men volleyball players and 20 men wrestling athletes
were interviewed, for a total of 60 people. Although
male volleyball players have superior scores than male
wrestlers at the height of the jump, male wrestlers have
willingly demonstrated that they are more successful
in the jump-landing mechanics as a result of the over-
all assessment. Some studies also show that there are
differences between styles in terms of splash landing
mechanics [Flag, Haluk 2017]. Similarly, splash mechan-
ics differences were detected between different positions
in the handball branch [Kruger et al. 2014].

Studies on athletes have shown that LESS scores
differ according to sports branches. There may also be
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changes in the branches according to positions and styles.

Another result of our study is the knee flexion angle
of 0.016 (p<0.05) at the first contact. When the LESS
evaluations of wrestling and handball athletes are com-
pared, ankle plantar flexion at the contact point was 0.046
(p<0.05), knee valgus displacement found significant
differences in the knee thumb at 0.046 (p<0.05 ). Hand-
ball athletes have better results than wrestling athletes
when evaluated in terms of ankle flexion at the point of
contact. Wrestling athletes performed significantly more
knee flexions in the first contact compared to handball
athletes. The large knee flexion angle creates a larger knee
flexion moment and a landing technique with a lower
GREF( ground reaction force); consequently, a reduced
risk of knee injury may occur [van der Does et al. 2016].
Wrestling athletes were found to be more advantageous
as the increase in knee flexion during the fall reduced the
load on the ACL. At the same time, wrestling athletes had
better results compared to the knee waltz before jumping.
Increased knee valgus angles have been associated with
an increased risk of various knee injuries [Herrington
2011]. One of the important factors in the knee waltz is
the activation of hip muscles. Wrestling athletes intensely
practice movements such as squats, deadlifts, and hip
thrusts in their general training compared to handball
athletes. More strong hip muscles are thought to cause
lower knee waltzes. [Sahabuddin et al. 2021].

Conclusions

The most common injuries among handball and wrestling
athletes are injuries in the lower extremities (ankle, knee,
and thigh). In this study, which is aimed at determining
the level of ACL risk, which is one of the most serious
injuries that increases the healing process, there is no
statistical difference between the LESS scores of wres-
tling and handball athletes. Although the athlete’s injury
risks were low in both branches, the wrestler’s less scores
were better, and the knee joint angles during jump-fall
were statistically different compared to handball players.
This may be due to the effect of takedowns and single-leg
lifting movements, which are often used in wrestling, on
the mechanics of the knee joint. The number of athletes
participating in our study and the difference in the social
lives of athletes constitute the limitations of the study.
In future studies, more participants and comparisons of
athletes from different age groups will make a positive
contribution to the literature.

Financial Source
During this study, from any pharmaceutical company

that has a direct link to the subject of research, from a
firm or any commercial firm that provides and/or man-

ufactures medical instruments, supplies, and materials,
no material and/or spiritual support was received, which
could adversely affect the decision to be made regard-
ing the study.

Conflict of Interest

Regarding this study, the relationship of the authors
and/or family members with scientific and medical
committee membership or members who may have
the potential for conflict of interest, consultancy,
expertness, working status in any company, no
shareholding, and similar situations.

References

1. Aasheim C,, Stavenes H., Andersson S.H., Engbretsen L.,
Clarsen B. (2018), Prevalence and burden of overuse injuries
in elite junior handball, “BM]J Open Sport Exercise Medi-
cine’, vol. 4, €000391; doi: 10.1136/bmjsem-2018-000391.

2. Agel ], Ransone J., Dick R., Oppliger R., Marshall S.W.
(2007), Descriptive epidemiology of collegiate men’s wrestling
injuries: National Collegiate Athletic Association Injury Sur-
veillance System, 1988-1989 through 2003-2004, “Journal
of Athletic Training’, vol. 42, no. 2, pp. 303-310.

3. Arnason A, Sigurdsson S., Gudmundsson A., Holme I.,
Engebretsen L., Bahr R. (2004), Risk factors for injuries
in football, “The American Journal of Sports Medicine”,
vol. 32, no. 1, pp. 5-16; doi: 10.1177/0363546503258912.

4. Atan T., Akyol P,, Imamoglu O. (2012), Comparison of
Jumping Performance With Different Methods of Volleyball
And Wrestling Athletes, “Nigde University Journal of Phys-
ical Education & Sport Sciences”. vol. 6, no. 2, pp. 145-151.

5. Barber Westin S.D., Galloway M., Noyes ER., Corbett G.,
Walsh C. (2005), Assessment of Lower Limb Neuromuscular
Control in Prepubescent Athletes, “The American Journal
of Sports Medicine’, vol. 33, no. 12, pp. 1853-1860; doi:
10.1177/0363546505278257.

6. Barber Westin S.D., Noyes ER., Galloway M. (2006), Jump-
Land Characteristics and Muscle Strength Development in
Young Athletes: A Gender Comparison of 1140 Athletes 9 to
17 Years of Age, “The American Journal of Sports Medicine”,
vol. 34, no. 3, pp. 375-384; doi: 10.1177/0363546505281242.

7. Bayraktar I, Koc H. (2017), A Study Of Profile And Compar-
ison For Turkish Greco-Roman And Freestyle Wrestlers Who
Prepared For Rio 2016, “Science, Movement and Health,
vol. 17, no. 2, pp. 190-199.

8. Bencke J., Damsgaard R., Sackmose A., Jorgensen P.,
Jorgensen K., Klausen K. (2002), Anaerobic power and
muscle strength characteristics of 11 years old elite and
non-elite boys and girls from gymnastics, team handball,
tennis and swimming, “Scandinavian Journal of Medicine &
Science in Sports”, vol. 12, pp. 171-178; doi: 10.1034/j.1600-
0838.2002.01128.x.




64

“Ido Movement for Culture Journal of Martial Arts Anthropology”, Vol. 25, no. 1 (2025)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Benjaminse A., Postma W,, Janssen I., Otten E. (2017),
Video Feedback and 2-Dimensional Landing Kinemat-
ics in Elite Female Handball Players, “Journal of Athletic
Training’, vol. 52, no. 10, pp. 000-000; doi: 10.485/1062-
6050-52.10.11.

Bragazzi N., Rouissi M., Hermassi S., Chamari K. (2020),
Resistance training and handball players’ isokinetic, iso-
metric and maximal strength, muscle power and throwing
ball velocity: a systematic review and meta-analysis, “Inter-
national Journal of Environmental Research and Public
Health”, vol. 17, no. 2663; doi: 10.3390/ijerph17082663.
Chaabene H., Negra Y., Bouguezzi R., Mkaouer B.,
Franchini E., Julio U., Hachana Y. (2017), Physicaland
Pphysiological attributes of wrestlers: an update, “The Journal
of Strength ve Conditioning Research’, vol. 31, no. 5, pp.
1411-1442; doi: 10.1519/JSC.0000000000001738.
Comstock R.D., Knox C., Gilchrist J. (2007), Sports-related
injuries among high school athletes United States, 2005-06
school year, “Connecticut Medicine’, vol. 71, pp. 19-21.
PMID: 17008865.

Croisier ].L., Ganteaume S., Binet ]., Genty M., Ferret ].M.
(2008), Strength imbalances and prevention of hamstring
injury in Professional soccer players a prospective study,
“The American Journal of Sports Medicine”, vol. 36, no. 8,
pp- 1469-75; doi: 10.1177/0363546508316764.

Dai B., Garrett W.E., Gross M.T., Padua D.A., Queen R M.,
Yu B. (2019), The effect of performance demands on lower
extremity biomechanics during landing and cutting tasks,
“Journal of Sport and Health Science’, vol. 8, no. 3, pp.
228-234; doi: 10.1016/j.jshs.2016.11.004.

Ercan S., Arslan E., Cetin C., Baskurt Z., Baskurt F.,, Baser
Kolcu M.I, Kolcu G. (2021), Turkish validity and reliabil-
ity study of Post Leap Landing Error Scoring System-Real
Time, “Turkish Journal of Sports Medicine”, vol. 56, no. 1,
pp. 20-27; doi: 10.47447/tjsm.0465.

Engebretsen A., Myklebust G., Holme L., Engebretsen L.,
Bahr R. (2010), Intrinsic risk factors for hamstring injuries
among male soccer players a prospective cohort study, “The
American journal of sports medicine’, vol. 38, no. 6, pp
1147-1153; doi: 10.1177/0363546509358381.

Eriksson E., Lundberg A. (2014). Knee stability in young
people active in football and handball : a movement analy-
sis as a risk indicator for anterior cruciate ligament injuries.
Retrieved from https://urn.kb.se/resolve?urn=urn:nbn:se:h-
h:diva-25741.

Fadaei Dehcheshmeh P.,, Gandomi E, Maffulli N. (2021),
Effect of lumbopelvic control on landing mechanics and lower
extremity muscles’ activities in female professional athletes:
implications for injury prevention, “BMC Sports Science,
Medicine & Rehabilitation”, vol. 13, no. 1; doi: 10.1186/
$13102-021-00331-y.

Ferguson B. (2014), ACSM’s Guidelines for Exercise Testing
and Prescription 9th Ed. 2014, “The Journal of the Canadian
Chiropractic Association’, vol. 58, no. 3, pp. 328.
Fousekis K., Tsepis E., Poulmedis P., Athanasopoulos S.,

Vagenas G. (2011), Intrinsic risk factors of non-contact

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

quadriceps and hamstring strains in soccer: a prospec-
tive study of 100 professional players, “British Journal of
Sports Medicine’, vol. 45, no. 9, pp. 709-714; doi: 10.1136/
bjsm.2010.077560.

Garbenyte Apolinskiene T., Siupsinskas L., Salatkaite S.,
Gudas R. (2018), The effect of integrated training program
on functional movements patterns, dynamic stability, bio-
mechanics, and muscle strength of lower limbs in elite young
basketball players, “Sport Sciences for Health”, vol. 14, pp.
245-250; doi: 10.1007/s11332-017-0409-y.

Gunduz N, Sevim Y., Eler S. (2002), Hentbolda perfor-
mans ve testler, “Dinamik Spor Bilimleri Dergisi’, vol. 4,
no. 1, pp. 14-16.

Ha gglund M., Walden M., Ekstrand J. (2006), Previous
injury as a risk factor for injury in elite football: a prospec-
tive study over two consecutive seasons, “British Journal of
Sports Medicine’, vol. 40, no. 9, pp. 767-772; doi: 10.1136/
bjsm.2006.026609.

Hanzlikova I., Hebert-Losier K. (2020). Is the Landing
Error Scoring System Reliable and Valid? A Systematic
Review, “Sports Health”, vol. 12, no. 2, pp. 181-188; doi:
10.1177/1941738119886593.

Hanzlikova I, Athens J., Losier K. (2021), Factors influenc-
ing the Landing Error Scoring System: Systematic review with
meta-analysis, “Journal of Science and Medicine in Sport’,
vol. 24, no. 3, pp. 269-280; doi: 10.1016/j.jsams.2020.08.013.
Harato K., Morishige Y., Kobayashi S., Niki Y., Nagura T.
(2022), Biomechanical features of drop vertical jump are
different among various sporting activities, "SBMC Mus-
culoskelet Disord”, article number. 331; doi: 10.1186/
$12891-022-05290-0.

Holm L, Oiestad B., Risberg M.A., Gunderson R., Aune
A K. (2012), No difference in prevalence of osteoarthritis or
function after open versus endoscopic technique for ante-
rior cruciate ligament reconstruction: 12-year follow-up
report of randomized controlled trial, “The American
Journal of Sports Medicine’, vol. 40, pp. 2492-2498; doi:
10.1177/0363546512458766.

Hawkins R.D., Fuller C.W. (1999), A prospective epidemio-
logical study of injuries in four English professional football
clubs, “British Journal of Sports Medicine’, vol. 33, no. 3,
pp- 196-203; doi: 10.1136/bjsm.33.3.196.

Henderson G., Barnes C.A., Portas M.D. (2010), Factors
associated with increased propensity for hamstring injury in
English Premier League soccer players, “Journal of Science
Medicine Sport”, vol. 13, no. 4, pp. 397-402; doi: 10.1016/j.
jsams.2009.08.003.

Herrington L. (2011), Knee valgus angle during landing
tasks in female volleyball and basketball players, “Journal
of Strength and Conditioning Research’, vol. 25, no. 1, pp.
262-266; doi: 10.1519/JSC.0b013e3181b62c77.

Hewett T.E., Pasque C., Heyl R., Wroble R. (2005), Wres-
tling injuries, “Epidemiology of Pediatric Sports Injuries’,
vol. 48, pp. 152-178; doi: 10.1159/000084288.

Kang Y. (2017), Muscle Strength and Flexibility Differences

Between High and Low Landing Error Scores in Youth Female




Comparison of Jumping-Landing Mechanics of Elite Handball andWrestling Athletes 65

33.

34.

35.

36

37.

38.

39.

40.

41.

42.

Athletes, " Texas A&M University - Commerce ProQuest
Dissertations Publishing”, 10622967.

Kroshus E., Utter A.C., Pierpoint L.A., Currie D.W., Know-
les S.B., Wasserman E.B., Kerr Z.Y. (2018), The first decade
of web-based sports injury surveillance: descriptive epidemi-
ology of injuries in US highschool boys’ wrestling (2005-2006
through 2013-2014) and National Collegiate Athletic Asso-
ciation Men’s wrestling (2004-2005 through 2013-2014),
“Journal of Athletic Training’, vol. 53, no. 12, pp. 1143-
1155; doi: 10.4085/1062-6050-154-17.

Kruger K., Pilat C., Uckert K., Frech T., Mooren EC. (2014),
Physical performance profile of handball players is related
to playing position and playing class, “Journal of Strength
and Conditioning Research”, vol. 28, no. 1, pp. 117-125;
doi: 10.1519/JSC.0b013e318291b713.

Langevoort G., Myklebust G., Dvorak J., Junge A. (2007),
Handball injuries during major international tourna-
ments, “Scandinavian Journal of Medicine & Science in
Sports”, vol. 17, no. 4, pp. 400-407; doi: 10.1111/j.1600-
0838.2006.00587 .x.

. Liveris N.I., Tsarbou C., Tsimeas P.D., Papageorgiou G.,

Xergia S.A., Tsiokanos A. (2021), Evaluating the Effects of
Match-Induced Fatigue on Landing Ability; the Case of the
Basketball Game, “International Journal of Exercise Sci-
ence’, vol. 14, no. 6, pp. 768-778.

Mashimo S., Yoshida N., Takegami A., Suzuki K., Onishi
S.(2021). Injury pattern according to player position in Jap-
anese youth handball: A cross-sectional study among 2377
players, “Physical Therapy in Sport’, vol. 50, pp. 7-14; doi:
10.1016/j.ptsp.2021.03.016.

McLean S.G., Walker K., Ford K.R., Myer G.D., Hewett
T.E., van den Bogert A.]. (2005), Evaluation of a two dimen-
sional analysis method as a screening and evaluation tool
for anterior cruciate ligament injury, “British Journal of
Sports Medicine”, vol. 39, pp. 355-362; doi: 10.1136/
bjsm.2005.018598.

Nessler T., Denney L., Sampley J. (2017), ACL Injury Pre-
vention: What Does Research Tell Us?, “Current Reviews
in Musculoskeletal Medicine”, vol. 10, pp. 281-288; doi:
10.1007/s12178-017-9416-5.

Noyes ER., Barber Westin S.D., Fleckenstein C., Walsh C.,
West J. (2005), The Drop-Jump Screening Test: Difference
in Lower Limb Control by Gender and Effect of Neuro-
muscular Training in Female Athletes, “The American
Journal of Sports Medicine”, vol.33, no. 2, pp. 197-207;
doi: 10.1177/0363546504266484.

Ozkan A., Ariburun B., Kin Isler A. (2005), Investigation
of some physical and somatotype characteristics of ameri-
can football players in ankara, ® Gazi Journal of Physical
Education and Sport Sciences”, vol. 10, no. 2, pp. 35-42.
Padua D.A., Boling M.C., Distefano L.J., Onate J.A.,
Beutler A.I., Marshall S.W. (2011), Reliability of the land-
ing error scoring system-real time, a clinical assessment
tool of jump-landing biomechanics, °In Journal Sport
Rehabilitation”, vol. 20, no. 2, pp. 145-156; doi: 10.1123/
jsr.20.2.145.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53

54.

Padua D.A., DiStefano L.J., Beutler A.L, de la Motte S.J.,
DiStefano M.J., Marshall S.W. (2015), The Landing Error
Scoring System as a screening tool for an anterior cruciate
ligament injury-prevention program in elite-youth soccer
athletes, “Journal of Athletic Training”, vol. 50, no. 6, 589-
595; doi: 10.4085/1062-6050-50.1.10.

Parsons J.L., Sylvester R., Porter M.M. (2017a), The Effect
of Strength Training on the Jump-Landing Biomechanics
of Young Female Athletes: Results of a Randomized Con-
trolled Trial, “Clinical Journal of Sport Medicine”, vol. 27,
no. 2, pp. 127-132; doi: 10.1097/JSM.0000000000000323.
Parsons J.L., Sylvester R., Porter M.D. (2017b), The Effect
of Strength Training on the Jump-Landing Biomechanics
of Young Female Athletes: Results of a Randomized Con-
trolled Trial, “Clinical Journal of Sport Medicine”, vol. 27,
no. 2, pp. 127-132; doi: 10.1097/JSM.0000000000000323.
Pfeifer C.E., Beattie P.E, Sacko R.S., Hand A. (2018), Risk
Factors Associated With Non-Contact Anterior Cruciate Lig-
ament Injury: A Systematic Review, “International Journal
of Sports Physical Therapy”, vol. 13, no. 4, pp. 575-587.
Rechel J.A., Collins C.L., Comstock R.D. (2011), Epide-
miology of injuries requiring surgery among high school
athletes in the United States, 2005 to 2010, “The Journal
of Trauma’, vol. 71, no. 4, pp. 982-989; doi: 10.1097/TA.
0b013e318230e7168.

Sahabuddin EN.A., Jamaludin N.I., Amir N.H., Shaharu-
din S. (2021), The effects of hip- and ankle-focused exercise
intervention on dynamic knee valgus: a systematic review,
“Peer]”, vol. 9; doi: 10.7717/peerj.11731.

Salc1 Y. (2021), Landing error scoring system for screening
risk scores among elite-youth soccer players, “Journal of
Educational Issues’, vol. 7, no. 1, pp. 351-357; doi: 10.5296/
jei.v7il.18485.

Sangjan T., Widjaja W,, Pinthong M., Limroongreungrat W,,
Chaijenkij K. (2017). Landing error scoring system for screen-
ing risk scores between male and female in university students,
“Journal of Sports Science and Technology”, vol. 17, no. 2.
Soligard T., Myklebust G., Steffen K., Holme L, Silvers H.,
Bizzini M., Junge A., Dvorak J., Bahr R., Andersen T.E.
(2008), Comprehensive warm-up programme to prevent
injuries in young female footballers: cluster randomised
controlled trial, “BM]J”, vol. 337; doi: 10.1136/bmj.a2469.
Thomas R.E., Zamanpour K. (2018), Injuries in wrestling:
systematic review, °The Physician and Sports Medicine”, vol.
46, no. 2, pp. 168-196; doi: 10.1080/00913847.2018.1445406.

. Tabben M., Landreau P, Chamari K., Juin G., Ahmed H.,

Farooq A., Bahr R., Popovic N. (2019), Age, player position
and 2 min suspensions were associated with match inju-
ries during the 2017 Men’s Handball World Championship
(France), British Journal of Sports Medicine’, vol. 53, pp.
436-441; doi: 10.1136/bjsports-2018-099350.

Ulupinar S., Ozbay S., Gencoglu C., Ince I. (2021), Com-
parison of Injury/Injury Rates in Greco-Roman and Freestyle
Wrestlers: A Systematic Review and Meta-Analysis Study,
“Hacettepe Journal of Sport Sciences”, vol. 32, no. 4, pp.
167-182; doi: 10.17644/sbd.909740.




66 “Ido Movement for Culture Journal of Martial Arts Anthropology”, Vol. 25, no. 1 (2025)

55. Urer S., Kilinc E. (2014), Investigation of the effect of upper
and lower extreme plyometric trainings applied to 15-17 age
group men’s handbalkers on vertical jump performance and
on-block shooting accuracy, “Inonu University Journal of
Physical Education and Sport Sciences”, vol. 1, no. 2, pp.
16-38; Retrieved from https://dergipark.org.tr/tr/pub/
inubesyo/issue/8688/108567.

56. Van der Does H.T., Brink M.S., Benjaminse A., Visscher
C., Lemmink K.A. (2016), Jump Landing Characteristics
Predict Lower Extremity Injuries in Indoor Team Sports,
“International Journal of Sports Medicine”, vol. 37, no. 3,
pp. 251-256; doi: 10.1055/s-0035-1559688.

Porownanie mechaniki ladowania i skoku
elitarnych zawodnikow pilki recznej i zapasow

Stowa kluczowe: LESS (System punktacji btednego ladowania),
zapasy, pitka reczna, skok, acl (wigzadlo krzyzowe przednie)

Streszczenie

Wprowadzenie. Badanie i wykrywanie przyczyn urazéw stanowi
wazng informacje dla sportowcow. Identyfikacja ryzyka urazéow
bezkontaktowych u zawodnikéw, a nastepnie skierowanie ich
do profilaktycznych programéw ¢wiczen moze by¢ korzystne
dla zdrowia sportowcow.

Cel. Celem tego badania jest poréwnanie mechaniki ladowa-
nia po skoku elitarnych zawodnikéw trenujacych pitke reczna

i zapasy.

Materiat i metody. Celem badan bylo poréwnanie mechaniki
ladowania z wyskoku u elitarnych zawodnikow pitki recznej i
zapasow. Do badan w prowincjach Bolu i Yalova zglosito si¢ 10
pilkarzy recznych z 1. ligi (wiek 17,60+1,43 wzrostu 180,30+7,05
kg 76,40£5,29) i 15 zapasnikow z kadry narodowej (wiek
25,87+3,18 wzrostu 178,67+8,64 kg. 77,13+14,16), facznie 25
sportowcéw plci meskiej. Protokot testu Landing Error Scoring
System (LESS) zostat zastosowany dla zawodnikéw po wyko-
naniu skoku. Wykonano statystyki opisowe sportowcow, a test
Shapiro-Wilka zostal uzyty do okre$lenia normalnego rozkladu
grup. Nieparametryczny test U Manna-Whitneya zostal uzyty
do poréwnania zawodnikow trenujacych pitke reczna i zapasy.
Wryniki. Nie bylo réznicy miedzy wynikami LESS zawod-
nikéw pitki recznej i zapaséw (p > 0,05). W poréwnaniu z
ocenami LESS sportowcow, stwierdzono znaczace rdznice w
kacie zgiecia kolana przy pierwszym kontakcie, punktacji zgie-
cia podeszwowego kostki w punkcie kontaktu i przesunieciu
koslawo$ci kolana (p < 0,05).

Whnioski. W niniejszym badaniu, ktére zostalo przeprowadzone
w celu okre$lenia poziomu ryzyka zwiazanego z wig¢zadlem
krzyzowym przednim (ACL), nie znaleziono statystyczne;j
réznicy miedzy wynikami LESS zawodnikéw uprawiaja-
cych zapasy i pitke reczng. Pomimo tego, catkowite wyniki
LESS zawodnikéw uprawiajacych zapasy okazaly sie nizsze
w poréwnaniu do zawodnikéw uprawiajacych pitke reczna.
Pokazuje to, ze prawdopodobienstwo kontuzji jest nizsze pod
wzgledem punktacji LESS. Fakt, ze wynik wyszed! w ten sposéb,
pokazal, ze zapasnicy, ktorzy wzieli udzial w badaniu, mieli
lepsze konczyny dolne.




